This report delineates recharge areas and describes the geoManagement (ADEM) is developing a Alabama from surface contamina-ADEM, is conducting a series of aquifers and their recharge areas hydrology of the major aquifers in Greene, Tuscaloosa Counties (see plate 1) .
Marengo, Pickens, Sumter, and
The dependence on ground water in this Alabama is not represented accurately in this public supply wells. Most of the area is which are numerous throughout the area, pumping from the aquifers termed major aquifer five-county area of west-central inventory, which is limited to dependent on domestic supply wells, Domestic wells are not limited to s for purposes of this report.
Purpose and Scope
The purposes of the report are to delineate recharge areas and to describe the major aquifers in the study area, and to delineate areas within the recharge areas that are most susceptible to contamination from the surface. Previously-compiled geologic and hydrologic the data used to evaluate the major aquifers data provide about 75 percent of in the area. All wells used for municipal and rural public water supplies were inventoried, and water levels were measured in these wells where possible. Data on water use were compiled during the well inventory. Water-level data were used to construct generalized potentiometric maps of the aquifers. Areas isusceptible to contamination from the surface were delineated on the basis of information from topographic maps, other available data, and from field investigation.
Location and Extent of Alabana
The study area is in west-central 4,746 mi^ (square miles). The area includes of Eutaw, Demopolis, Linden, Thomaston, York, and numerous other small towns and the area was 211,998 in 1980 (Alabama Depa Affairs, 1984 . The area is partly urban, A large part of the area is dependent on the Area and comprises an area of about the city of Tuscaloosa, the towns Aliceville, Carrollton, Livingston, communities. The total population of tment of Economic and Community partly suburban, and partly rural, ground water.
Physical Features
The study area includes parts of several physiographic districts ( fig. 1 ). The southeastern part of Tuscaloosa County is in the Birmingham-Big Canoe Valley district of the Alabama Valley and Ridge physiographic section (Sapp and Emplaincourt, 1975) . This area is characterized by northeastward-trending ridges and valleys. Northeastern Tuscaloosa County is in the Warrior Basin district of the Cumberland Plateau physiographic section. Tiis area is part of a synclinal plateau of moderate relief.
In all five counties in the study area, the parts adjacent to large rivers are in the Alluvial-Deltaic Plain di Plain physiographic section.
This area is strict of the East Gulf Coastal characterized by broad, flat, flood plains and terraces along the Tombigbee, Black Warrior, and Sipsey Rivers.
The remainder of Tuscaloosa County, the majority of Pickens County, and the northern part of Greene County are in the Fall-Line Hills district of the East Gulf Coastal Plain physiographic section!. These areas consist mainly of flat to moderately-rolling sandy uplands southward and southwestward flowing streams.
Central Greene County and northern Sumtei Black Prairie district of the East Gulf Coas The Black Prairie, named for black soil gently-to moderately-rolling prairie that grasslands but very few trees.
dissected by deeply-entrenched and Marengo Counties are in the bal plain physiographic section, that is common in the area, is a is characterized by extensive Southwest of the Black Prairie in Sumter and Marengo Counties is the Chunnenuggee Hills district of the East Gulf Coastal Plain physiographic section. This area is characterized by sandy cuestas that have fairly steep northward-facing escarpments and gently-to mocerately-rolling backslopes.
Southwest of the Chunnenuggee Hills cistrict in Sumter and Marengo
Counties is the Southern Red Hills district of the East Gulf Coastal Plain physiographic section. The district is a southward sloping upland of moderate relief which includes the Flatwoods lowland lalong the northern edge and the rugged Buhrstone Hills in the southern edejje in extreme southern Marengo County. I
Previous Investigations
Information on the geology of the area was published as early as 1858 in the second biennial report of the Geological Survey of Alabama by Michael Tourney, the first State Geologist. A detailed description of the geology of Alabama and a revised geologic map were published by the Geological Survey of Alabama in 1926 (Adams and others, 1926) . | The first information on ground water in the area was published in 1907 (Smith, 1907) .
Other reports that contain ' information on the geology and ground-water resources of the area are "Notes on Deposits of Selma and Ripley Age in Alabama" (Monroe, 1941) , "Ground Water Resources of the Cretaceous Area of Alabama" (Carlston, 1944) , "Geology and Ground Water Resources of Greene County, Alabama" (Wahl, 1966) , "Geology and Ground Water Resources of Marengo County, Alabama" (Newton and others, 1961), "ground-Water Resources of Pickens County, Alabama, a Reconnaissance" (Wahl, 1965) , "Water Availability and Geology of Sumter County, Alabama" (Davis and I others, 1980) , and "Ground-Water Resources and Geology of Tuscaloosa County, Alabama" (Paulson and others, 1962) . of this report. Special appreciation is extended to the waterworks personnel of the ground-water systems in the study area who have helped locate publicsupply wells and furnished information on well construction and water use.
GEOHYDROLOGY
Geologic formations that crop out in and underlie the study area range in age from Cambrian to Quaternary ( fig. 2 ). Sedimentary rocks of Paleozoic age crop out in the eastern part of Tuscaloosa County. These rocks range in age from Cambrian to Pennsylvanian. Unconsolidated sedimentary deposits of Late Cretaceous age crop out in the remainder of Tuscaloosa County, all of Pickens and Greene Counties, and in all but southernmost parts of Sumter and Marengo Counties where sedimentary deposits of Tertiary age crop out. Alluvial and terrace deposits overlie older rocks in and adjacent to the flood plains of the Black Warrior, Sipsey, and Tombigbee Rivers and larger streams in the study area.
A generalized subsurface section of formations underlying the study area is shown in figure 3 . This schematic section does not represent an actual cross section. It is intended to show all the geologic units that crop out in Area 6 and their relative positions. No one cross section could include all these units and lie within the area on a map because of the alignment of the counties within Area 6. A summary of the thickness, lithology, and waterbearing properties of each geologic unit that underlies the study area is given in table 1.
Paleozoic Rocks
Sedimentary rocks that range in age from Cambrian to Pennsylvanian crop out in eastern Tuscaloosa County.
Geologic units, from oldest to youngest, include the Brierfield, Ketona, and Bibb Dolomites of Cambrian age, the Knox Dolomite or Knox Group where it is divided of Cambrian and Ordovician age, the Longview, Newala, and Little Oak Limestones of Ordovician age, and the Fort Payne Chert and Floyd Shale of Mississippian age. These rocks, which crop out in an area of about 50 mi2 i n southeastern Tuscaloosa County, are complexly folded and faulted and, except for the Floyd Shale, are deeply weathered. No large-capacity wells have been drilled in this part of Tuscaloosa County, but the limestones and dolomites are potential sources of large water supplies. For example, a municipal spring discharging from the Brierfield Dolomite at the city of Montevallo in nearby Shelby County flowed at a rate of more than 1,000 gal/min (gallons per minute) in 1968, and a well developed in the Brierfield Dolomite in Montevallo had a drawdown in water level of only 32 feet when pumped at 340 gal/min in 1962.
The Pennsylvanian age Pottsville Formation crops out in northeastern Tuscaloosa County.
The Pottsville Formation consists chiefly of sandstone, conglomerate, siltstone, and shale with beds of coal and underclay. It strikes northwest and dips to the southwest at 30 to 200 ft/mi (feet per mile) (Harkins and others, 1980) . Large water supplies generally are not available from the Pottsville Formation and no municipal wells tap the Pottsville within the study area. The Coker underlies all of the study area south and southwest of its area of outcrojp.
The Coker Formation consists of a basal honmarine zone of gravel, marine sand and clay. In most parts of the study area, the basal zone is generally separated from the marine sand beds by 50 feet or more of clay. A clay zone is usually present at the top of the Coker. Where this clay exists, it serves as a confining unit between the Coker aquifer and the overlying Gordo aquifer (see figs. 3 and 4) .
However, over much of the area, the two aquifers are hydraulically connected and are treated as lone aquifer referred to as the Tuscaloosa aquifer for purposes of the potuntiometric map of this report ( fig. 4) .
The Coker Formation ranges in th:.ckness from less than 100 where only the basal beds remain to more than of the study area. feet 1,000 feet in southernmost parts
The towns of Coker and Gordo, and the BuhtL-Elr od-Holma n Water System pump from the Coker aquifer.
However, the Coker ,is not used extensively farther downdip where shallower aquifers are available. An electric log of an oil test well in southwestern Pickens County indicates that the Coker contains relatively fresh water to a depth of 1,750 feelt in that area (Wahl, 1965) .
Gordo Formatio
The Gordo Formation overlies the Coker Formation and crops out in southwestern Tuscaloosa County, northeastern Pickeris County and in a small part of northeastern Greene County (see fig. 2 ).
tike the Coker, it dips to the southwest and underlies the formations that drop out south of it. The Gordo consists of a basal zone of gravelly sand ovirlain by alternating lenticular beds of sand and varicolored mottled clay. \t ranges in thickness from less than 100 feet at outcrops to nearly 400' feet in the subsurface in the southern part of the study area. The towns of Aliceville, Reform, Faunsdale, and Union pump from the Gordo aquifer.
Eutaw Formation
The Eutaw Formation overlies the Gordo FJormation and crops out over the central part of Pickens County, northern Greene County, and a small part of southwestern Tuscaloosa County. The Eutaw consists of upper and lower zones of marine sand separated by a zone of clay, lit ranges in thickness from less than 200 to 400 feet where the entire Eormatioh is present. The lower part of the formation consists of 30 to 50 feet of g .auconitic sand interbedded with sandy clay. The middle part consists of 50 to sandy clay. The upper part, the Tombigbee Sa feet of massive glauconitic sand interbeddec 150 feet of calcareous clay and id Member, consists of 25 to 100 with calcareous sandstone and sandy limestone. In part of the area the McShan Formation underlies the Eutaw Formation (Conant and Monroe, 1945) , but for tjie purposes of this report it is combined with the Eutaw Formation and forms the Eutaw aquifer (Newton and others, 1961).
The Eutaw is the most extensively used a pumped in downdip areas where it is overlain Chalks (discussed below) in addition to its outcrop Boligee, Forkland, Demopolis, Linden, and Thomaston Mooreville Chalk quifer in the study area; it is by the Mooreville and Demopolis area. The towns of Eutaw, pump from the Eutaw.
The Mooreville Chalk overlies the Eutaw Fc western Pickens County, northern Sumter County, and central Greene County ( fig. 2) .
The Mooreville consists of about 400 to 420 feet of chalk, calcareous clay, sandy clay and limestone. The Arcola Limestone Member of the Mooreville, at the top of the unit, consists of two to four thin beds of limestone separated by clay and sandy clay. The rmation, and crops out in southMooreville Chalk is relatively impermeable and is not a source of water in the study area. The chalk is an upper confining layer for the upper Eutaw aquifer. However, the Mooreville and the overlying Demopolis Chalk and Ripley Formation are extensively faulted in parts of Sumter and Marengo Counties (see fig. 2 ), which may allow water to move through the chalk.
Demopolis Chalk
The Demopolis Chalk overlies the Mooreville Chalk, and crops out in extreme southwest Pickens County, northern Sumter County, and northern Marengo County ( fig. 2 ). The Demopolis consists of .about 400 to 440 feet of chalk, calcareous clay, and sandy clay, aquifer in the study area.
It is relatively impermeable and is not an Ripley Formation
The Ripley Formation overlies the Demopolis Chalk and crops out in central Marengo and Sumter Counties ( fig. 2 ). The Ripley Formation consists of fine grained fossiliferous calcareous clayey sand. The lower part locally contains thin beds of calcareous sandstone. The formation ranges in thickness from 150 to 220 feet in the study area, study area.
The Ripley is a minor aquifer in the prairie Bluff Chalk
The Prairie Bluff Chalk overlies the Ripley and crops out in a narrow belt at the southern margin of the Ripley Formation in Sumter and Marengo Counties.
It consists of fossiliferous sandy chalk and clay and generally ranges in thickness from 60 feet in Sumter County to 10 feet in Marengo County. The Prairie Bluff is relatively impermeable, and is not an aquifer in the study area.
Tertiary Formations
Tertiary deposits in the study area are limited to the Clayton, Porters Creek, and Naheola Formations of the Midway Group and the Nanafalia and Tuscahoma Formations of the Wilcox Group.
Clayton and Porters Creek Formations
The Clayton Formation overlies the Prairie Bluff Formation in Sumter and Marengo Counties. It consists of silty calcareous clay, clayey sandstone, and silty chalk in Sumter County; and sandy chalk and calcareous clayey sand in Marengo County.
The Porters Creek Formation overlies the Clayton Formation and crops out in a belt southwest of the Clayton in central Sumter and Marengo Counties. The Porters Creek consists of massive gray marine clays. The clay produces a low-lying topography called the "Flatwoods." The combined thickness of the Clayton and Porters Creek Formations in Sumter and Marengo Counties is 270 to 370 feet.
Neither unit is a major aquifer in Sumter or Marengo Counties.
Naheola Formation
The Naheola Formation overlies the Porters Creek Formation and crops out southwest of it in Marengo and Sumter Counties.
It consists of fine-and coarse-grained sand, silty clay, and beds of lignite. It is about 120 feet thick and is not a major aquifer in the study area.
Nanafalia Formation
The Nanafalia Formation crops out southwest of the Naheola Formation in Marengo and Sumter Counties. It consists of sand, sandy marl, sandy clay, and lignite. The Nanafalia is about 150 to 200 feet thick in Sumter and Marengo Counties and is tapped by the city wells of Myrtlewood and Sweetwater in southern Marengo County.
Tuscahoma Formation
The Tuscahoma Formation crops out in southernmost Marengo County and southwestern Sumter County.
The contact with the overlying Hatchetigbee Formation lies outside the study area to the south. The Tuscahoma consists of about 275 feet of clay, fine-to coarse-grained sand, and fossiliferous glauconitic marl. It is not a major aquifer in the study area.
Quaternary Deposits
Quaternary alluvial deposits overlie older formations throughout a large part of the study area ( fig. 2) . These deposits, which underlie flood plains of present and ancestral large streams, consist mainly of gravel, sand, silt, and clay.
Alluvial deposits along the flood Sipsey, and Tombigbee Rivers are shown on the geologic map ( fig. 2) . Remnants of older alluvial deposits (usually mapped as high terrace deposits) are not shown on the geologic map, but form relatively plains of the Black Warrior, flat uplands in several parts of the study area.
The alluvial deposits generally range in thickness from 30 to 60 feet. They are not a major aquifer in the study area.
HYDROLOGY OF THE MAJOR AQUIFERS
The major aquifers in the study area are Coker, Gordo, Eutaw, and Nanafalia Formations, under artesian conditions in most parts of the that tap the major aquifers are shown in Rainfall, which averages about 50 inches per year, is the source of recharge to the major aquifers. A large part of the rainfall runs off during and directly after rainstorms or is returned to the atmosphere by evaporation and transpiration of trees and other plants; a small part infiltrates to the water table to recharge aquifers. The recharge area for the Coker aquifer is mainly in Tuscaloosa County; the Gordo aquifer mainly in Pickens and Tuscaloosa Counties; and the Eutaw aquifer in Pickens and Greene Counties. The recharge area for the Nanafalia aquifer is in Sumter and fflarengo Counties (see plate 1). These recharge areas consist largely of rolling sandhills, parts of which are wooded and parts cultivated.
In Tuscaloosa and Pickens Counties remnants of high terrace deposits overlie significant parts of the recharge areas. These terrace remnants form relatively flat, permeable] landscapes that impede runoff and probably increase recharge to the aquifers. Alluvial deposits overlie the major aquifers along the flood plains in th^ Black Warrior, Sipsey, and Tombigbee Rivers. These permeable deposits may provide increased recharge to the aquifers. Water moves downdip from areas of recharge to areas of natural discharge or areas of ground-water withdrawals, generally perpendicular to the potentiometric contour lines shown on figures 4, 5, and 6.
Natural Discharge and Ground-Water Withdrawals
The aquifers discharge through seeps and springs to provide the base (dry weather) flow of streams. Discharge to the ri /ers also occurs where streams are entrenched into the aquifers.
Discharge to streams can occur by upward leakage through the confining unit between aquifers or by passing through fractures in the Mooreville and Demopolis Chalks (Gardner, 1981) . Most of the The largest pumping center in remainder of the discharge is through wells, the study area is the city of Demopolis.
In 1985, it was estimated to pump 1.3 Mgal/d (million gallons per day). The other pumping centers in the study area pump less than 1 Mgal/d each. Wells are used for domestic, stock, industrial, and irrigation purposes. The amount of water used for these purposes was estimated to be 7.7 Mgal/d in 1982 (Baker, 1983 (Newton and others, 1961) .
Many wells which formerly flowed have ceased to flow as a result of lowering of the potentiometric surface of the aquifers.
Effects of Withdrawals from the Aquifers
Long-term withdrawals of water from the major aquifers have resulted in lowering of the potentiometric surface and formation of depressions on the potentiometric surface of water in the aquifers.
Depressions have formed in the Coker and Gordo aquifers ( fig. 4 ) at Demopolis and in the vicinity of the Black Warrior River south of Tuscaloosa. A depression also exists at Demopolis in the Eutaw aquifer ( fig. 5) .
The depressions at Demopolis are partly a result of pumping in both aquifers there.
However, these and the depression on the Black Warrior River and the trough-like depression in the Nanafalia aquifer along the Tombigbee River ( fig. 6 ) also reflect natural discharge to the rivers.
SUSCEPTIBILITY OP THE AQUIFERS TO SURFACE CONTAMINATION
All recharge areas for the major aquifers in the study area are susceptible to surface contamination (plate 1).
However, throughout most of the study area the recharge areas are in rural settings that are used for timberlands, farms, or pastures.
Usually, the depth of the water-producing zone being tapped and its horizontal distance from the aquifer outcrop provide some buffer from surface contamination (table 2) .
Shallow wells in outcrop areas are more susceptible, but none are considered highly susceptible. The areas most susceptible to future contamination are the flood plains of the Black Warrior, Sipsey, and Tombigbee Rivers, which are underlain by terrace and alluvial deposits that are in hydraulic connection with the major aquifers.
The recharge areas of the minor aquifers (the Paleozoic rocks, the Ripley, Naheola, and Tuscahoma Formations) are also susceptible to contamination from the surface. However, they are not included in the susceptible area on the map because they do not contain actively pumped public supply wells within the study area.
Some of these aquifers, notably the Paleozoic limestone, contain public supply wells outside the area in neighboring counties, and are potential sources of public supply within the study area. For instance, the Paleozoic limestone is recharged in Tuscaloosa County and is the source of public supply for the city of West Blocton in adjacent Bibb County.
The terrace and alluvial deposits overlie along major streams in the study area. The al and recharge the major aquifers Luvial sediments permit water to move downward from the land surface to the aquifers, especially areas where the potentiometric surfaces in the aquifers b iing recharged have been lowered by pumpage.
In the study area, the depressions formed by pumpage on the potentiometric surfaces of the major aquifers are not in direct contact with alluvial aquifers.
Figures 4 and 5 show depressions in the potentiometric surface of the Tuscaloosa and Eutaw aquifers at Demopolis. Figure 2 shows the alluvium that overlies the Mooreville and Demopolis Chalks near Demopolis. The chalk between the Eutaw aquifer and the alluvial aquifer should retard vertical movement of water or contaminants in this and similar areas. However, it has been determined by Gardner (1981) that water moves up from the Tuscaloosa and Eutaw aquifers through fractures in the chalk. Therefore, if pumping at Demopolis or similar areas lowers the potentiometric surface sufficiently, water and possible contaminants could flow downward from the alluvial aquifer to the Eutaw aquifer below.
SUMMARY AND CONCLUSIONS
The major aquifers in the study area (defined as those with actively pumped public supply wells) are the Coker,, Gordo, Eutaw, and Nanafalia aquifers. The recharge areas for these aquifers are in Tuscaloosa, Pickens, Greene, Sumter, and Marengo Counties. The aquffers underlie most of the study area and consist of sand and gravel beds.
Water in the aquifers usually occurs under artesian conditions. The Coker aquifer is the source of public water supplies for the towns of Coker and Gordo, and for the Buhl-Elrod-Holflian Water System in Tuscaloosa County. The Gordo and Eutaw aquifers are sources of public water supplies in Pickens, Greene, and Marengo Counties. The Nahafalia aquifer is the source of public water supplies for the towns of Sweetwater and Myrtlewood in Marengo County.
Depressions in the potentiometric surface have developed around Demopolis in the Coker, Gordo, and Eutaw aquifers, partly as a result of ground-water withdrawals. Other depressions and troughs have formed along the major rivers because of ground-water discharge to the rivers.
All the recharge areas for the major aqui contamination throughout most of the study area are in rural settings that are used for Usually, the depth to the water-bearing zone zontal distance from the outcrop to the well contamination.
Other potential areas susceptible to fers are susceptible to surface however, the recharge areas tiirberlands, farms, and pastures, tapped by a well and the horiprovide a buffer from surface surface contamination are the permeable terrace and alluvial deposits if the potentiometric surface in the underlying aquifer has been depressed. The alluvial deposits are usually in areas of discharge, but if pumpage has caused a depression in the potentiometric surface of the underlying aquifer, the source of recharge. Newton, J.G., Sutcliffe, Horace, Jr., and LaMoreaux, P.E., 1961, Geology and ground-water resources of Marengo County, Alabama: Table 2 . Records of public water-supply wells in the study area NOTE: Well numbers correspond to those shown on plate 1. Geographic coordinate number: Lat (DDMMSS) Long (DDMMSS) sequential number Depth of well and water level: Depth of well given in feet; reported water measured water levels are in feet and tenths.
--Generalized section of geologic formations In the study area, and their wator-bearlnq properties (continued)
Well diameter: casing diameter in inches.
(xx). levels are in feet above (-) 
